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© A system and a method for saving power of an 
output variable apparatus such as an inverter air 
conditioner. A power demand controlling system in- 
cludes: power demand controlling means (11) for 
detecting and monitoring constantly an electric cur- 
rent flowing through the domestic lines; and power 
save controlling means (9), connected to the domes- 
tic power lines (5) and the output variable apparatus 
(7), for sending a power save signal to the apparatus 
(7), based on the current monitored by the power, 
demand controlling means (11), so that an output of 
the apparatus (7) is reduced to a minimum value (eo) 
and after the power save signal is cancelled the 
output is returned gradually and stepwise to an origi- 
nal value (e n ). 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a system and 
method for saving power. 

Description of the Prior Art 

In the conventional power demand control, 
there is provided a power monitoring system called 
a power demand controller by which a power save 
requesting signal is sent to an electric apparatus 
such as an inverter air conditioner, when a working 
power exceeds a predetermined power value, so as 
to perform power save control. Then, the power 
save request is cancelled when the working power 
is detected to be below the predetermined value. 
Now, when the electric apparatus receives the pow- 
er save requesting signal, an output thereof is, for 
example, reduced to an minimum output value to 
save power, whereas when the power save request 
is cancelled, the output is so controlled that it is 
jumped back to an original output. In the conven- 
tional power demand control described above, 
when the system is operating at a maximum out- 
put, for example, the system reduces an output 
thereof to the minimum. Then, after the power save 
request is cancelled, the output is returned to an 
initial maximum output. However, when the output 
is returned to the maximum again, the output will 
soon exceed the predetermined reference power 
value. As a result, the electric apparatus operates 
repeatedly between the minimum and maximum 
output, thus creating an unstable state. 

Further, if the power demand control is such 
that even if the system receives the power save 
requesting signal the output is not reduced to the 
minimum, the output may exceed a maximum pow- 
er limit. In that case, the power supply will be cut 
off by a circuit breaker and the electric apparatus 
will be inoperative. 

Moreover, for the system where there are two 
operational modes of power save state and normal 
(two stage method), there may be caused a hunt- 
ing due to an overshoot of the power on the 
occasion of the power being returned to the original 
one from the minimum 

Besides the two stage method, there is avail- 
able a multistage method capable of controlling the 
power demand responsive to variable capacity. 
However, in order to set various levels for detecting 
the power (current), there is necessitated com- 
plicated circuits therefor, thus causing a hike in 
production cost. Moreover, when designed to con- 
trol a plurality of output variable apparatus such as 
inverter air conditioners, there will be also necessi- 
tated an additional system for controlling respective 



air conditioners in terms of capacity control level 
and so on, thus again causing a hike in the produc- 
tion cost. 

5 SUMMARY OF THE INVENTION 

In view of the foregoing problems, it is there- 
fore an object of the present invention to provide a 
power demand control system realizing smooth 
io and stable power control. 

To achieve the object, there is provided a 
power demand control system for saving power of 
output variable apparatus (7) where power is sup- 
plied through domestic power lines (5), comprising: 

75 power demand controlling means (11) for detecting 
and monitoring constantly an electric current flow- 
ing through the domestic power lines; and power 
save controlling means (9), connected to the do- 
mestic power lines (5) and the output variable 

20 apparatus (7), for sending a power save signal to 
the apparatus (7), based on the current monitored 
by the power demand controlling means (11), so 
that an output of the apparatus (7) is reduced to a 
minimum value (eo) and after the power save signal 

25 is cancelled the output is returned gradually and 
stepwise to an original value (e n ). 

Other features and advantages of the present 
invention will become apparent from the following 
description taken in conjunction with the accom- 

30 panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram showing a con- 
35 figuration of a power demand controlling system 
according to the first embodiment of the present 
invention. 

FIG. 2 shows a timing chart explaining an op- 
eration of the power demand controlling system 
40 shown in FIG. 1. 

FIG. 3 shows a block diagram showing a con- 
figuration of the power demand controlling system 
according to the second embodiment. 

FIG. 4 shows a flowchart in which the operation 
45 of power demand controlling system shown in FIG. 
3 is explained. 

FIG. 5 shows a block diagram showing a con- 
figuration of the power demand controlling system 
according to the third embodiment, 
so FIG. 6 shows a block diagram showing a con- 

figuration of a power cut controller employed in the 
power demand controlling system shown in FIG. 5. 

FIG. 7 shows a flowchart in which explained is 
the operation of power demand controlling system 
55 shown in FIG. 5. 

FIG. 8 shows a block diagram showing a con- 
figuration of the power demand controlling system 
according to the fourth embodiment. 
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FIG. 9 shows a flowchart in which explained is 
the operation of power demand controlling system 
shown in FIG. 8. 

FIG. 10 shows a diagram block of a configura- 
tion of the power demand controlling system ac- 
cording to the fifth embodiment. 

FIG. 11 shows another example of the timing 
chart of the power demand controlling system 
shown in FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Features of the present invention will become 
apparent in the course of the following description 
of exemplary embodiments which are given for 
illustration of the invention and are not intended to 
be limiting thereof. Embodiments of the present 
invention will now be described with reference to 
the FIGS 1-10. 

FIG. 1 shows a block diagram to show a con- 
figuration of a power demand controlling system 
according to the first embodiment. In the same 
figure, a main power line 1 connected to an A.C. 
commercial power supply is connected to a do- 
mestic power line 5 through a circuit breaker, and a 
plurality of air conditioners (7-1 through 7-n) are 
connected to the domestic power line 5. Also, a 
demand controller 1 1 is connected to the domestic 
power line 5, and there are provided a plurality of 
power save controllers (9-1 through 9-n) connected 
to corresponding air conditioners (7-1 through 7-n). 
Respective signal lines from the power save con- 
troller (9-1 through 9-n) are connected to air con- 
ditioners (7-1 through 7-n). 

It is to be noted that relationship between the 
power save controller 9 and the power demand 
controller 11 may be expressed with one between 
a power demand slave controller and a power 
demand master controller. 

There is provided a current sensor 13 in the 
domestic power line 5 close to the circuit breaker 
3. The current sensor 13 detects an electric current 
flowing in the domestic power line 5. A current 
signal detected by the current sensor 13 is fed to 
the power demand controller 1 1 . 

The power demand controller 1 1 is such that 
the working power is measured based on the cur- 
rent signal detected by the current sensor 13 so 
that the working power for each air conditioner is 
controlled in terms of power saving. It is to be 
noted that the air conditioner is such an output 
variable apparatus that there is a positive relation 
between the output thereof and the working power 
thereof. In other words, as the output of the air 
conditioner increases, so does the working power. 

FIG. 2 shows a timing chart to describe an 
operation of the power demand controlling system. 
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The working power is kept constantly under 
surveillance by the power demand controller 11 
through the current sensor 13. When the working 
power is detected to exceed a predetermined refer- 

5 ence power value P1, a power save requesting 
signal is sent to each power save controller (9-1 
through 9-n) provided corresponding to each air 
conditioner (7-1 through 7-n), through the power 
line 5. Referring to FIG. 2, when the power save 

io controller 9 receives the power save requesting 
signal at the time of to, an output value e n of the air 
conditioner 7 is reduced to an minimum value eo. 

When the power save requesting signal is can- 
celled after some time lapsed (ti ), the output of the 

75 air conditioner is increased to ei by one step from 
eo. Then, after time lapses for a predetermined 
period to reach time t2, the output thereof is set to 
e2 by one step from ei. Similarly, from time k 
onward, the output of the air conditioner is in- 

20 creased by a step per the predetermined period. 
Finally, at time t n the output is returned to an 
original output e n which is the output before the 
power save requesting signal is sent. As described 
above, the output of the air conditioner is not 

25 jumped back to the original output but returned to 
the original output gradually and stepwise, so that 
the power used after release of power save re- 
questing signal is minimized and the power used 
does not exceed the predetermined reference pow- 

30 er value P1 immediately after the release of power 
save requesting signal as in the conventional prac- 
tice, thus realizing a stable operation. 

Moreover, when the power save requesting sig- 
nal is received during time ti and t„ in FIG. 2, the 

35 output is reduced to the minimum value eo then, so 
that a smooth and stable operation is realized by 
minimizing a jump of the output, thus also avoiding 
hunting. 

Moreover, when the power save requesting sig- 
40 nal is sent simultaneously to a plurality of air con- 
ditioners, a time constant of each apparatus is 
made variable so as to shift slightly the timing in 
which the output is returned to the original one. 
thus realizing a further smooth power demand con- 
45 trol. 

As shown in FIG. 11, it shall be appreciated 
that the output of the air conditioner for the first 
step during ti and k can still be the minimum 
capacity eo immediately after the power save re- 
50 questing signal is cancelled. 

FIG. 3 shows the second embodiment of the 
power demand controlling system. In the same 
figure, there are provided a split-type inverter air 
conditioner which is equipped with an indoor unit 
55 15 and an outdoor unit 17. The indoor unit 15 and 
the outdoor unit 17 are connected through a pair of 
power lines 21 and signal lines 23a, 23b. Similar to 
FIG. 1, there are provided the main power line 1, 

3 
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the circuit breaker 3, the power demand controller 
11, the current sensor 13, the power demand con- 
troller 9, connected to the domestic power line 5, 
for saving a power of the indoor unit 15 and out- 
door unit 17 of the split-type air conditioner, and a 
power save adaptor 19 which serves as signal 
conversion means through signal lines 23a, 23b 
between the indoor unit 15 and the outdoor unit 17. 
The power save requesting signal from the power 
save controller -9 is fed to the indoor unit and the 
outdoor unit through the power save adaptor 19. A 
communication from the indoor unit 15 to the out- 
door unit 17 is performed through the signal lines 
23a, 23b and one of power lines 21, whereas the 
communication from the outdoor unit 17 to indoor 
unit 15 is performed through the signal lines 23a, 
23b and the other one of the power lines 21 . Let us 
suppose that there is a positive relation between 
the working power of the air conditioner and an 
output requesting code sent from the indoor unit 15 
toward the outdoor unit 17. The positive relation 
between A and B is such that as A decreases, so 
does B; the positive relation can be linear or non- 
linear. 

Referring to FIG. 4, an operation of the power 
demand controlling system shown in FIG. 3 will be 
described in detail. 

The power save adaptor 19 is such that data C 
is received which serve to control an output from 
the indoor unit 15 to the outdoor unit 17 and data R 
is received from the outdoor unit 1 7 (step 1 1 0 and 
step 120) and then the adaptor 19 checks whether 
there is a power save requesting signal from the 
power save controller 9 through the power demand 
controller 1 1 . When there is no power save re- 
questing signal, the data C is sent from the indoor 
unit 15 to the outdoor unit 17 as it is (step 140). 
However, there is the power save requesting signal, 
the data C is arranged so as to be converted to 
data C having a minimum output for saving the 
power, and the data C is fed to the outdoor unit 17 
(step 150). The minimum output can be arranged, 
for example, when the output is a class of code 1, 
the minimum output is set to 10 Hz, and for code 2 
set to 20 Hz and so on. Thereafter, the data R 
received from the outdoor unit 17 is transmitted to 
the indoor unit 15 (step 160). 

As described above, when there is the power 
save requesting signal, the indoor unit data C 
which serves to control the output of the outdoor 
unit 17 is converted to, say, a minimum output C 
so as to save power. It is to be noted that the data 
C is not limited to the minimum output, though, it 
will be effective to set a certain constant value such 
as a half of capacity of the apparatus or a minimum 
capacity. Accordingly, the power demand control 
system can be easily and economically built into 
the already available air conditioner or the like. 



Referring to FIG. 5, a power demand control- 
ling system according to the third embodiment will 
be described. 

In the same figure, there is provided a power 
5 cut controller 27 having a home automation (HA) 
terminal for controlling to activate and stop an air 
conditioner through a telephone controller 29 or a 
centralized controller. The power cut controller 27 
is intended to be used for the air conditioner where 
io there is no power demand controlling capability 
attached thereto. For the air conditioner with no 
power demand controlling capability, there is usu- 
ally only one HA terminal, so that when the HA 
terminal is occupied by the telephone controller 29 

75 or the like an apparatus for cutting power cannot 
be connected to the air conditioner. However, in 
this third embodiment, there is provided the power 
cut controller 27 so as to solve such a drawback. 
Namely, similar to FIG. 1, there are provided 

20 the main power line 1, the circuit breaker 3, the 
power demand controller 11, the current sensor 13, 
an air conditioner 25, having a HA terminal, which 
is connected to the domestic power line 5, and the 
power cut controller 27 which has a HAp terminal 

25 connected to the telephone controller 29 and a HAa 
terminal connected to the air conditioner 25 and 
which is connected to the domestic power line 5 so 
that a power save requesting signal from the power 
demand controller 11 is received by means of 

30 power line transmission. The telephone controller 
29 is controlled to switch on and off the air con- 
ditioner 29 based on an instruction from a tele- 
phone unit (not shown). 

Referring to FIG. 6, the power cut controller 27 

35 comprises power line carrier wave signal demodu- 
lation means 31, power cut signal extracting means 
31, one-chip microcomputer 35, switch 37 for stop- 
ping the air conditioner, the HAp terminal 39 for the 
telephone controller 29 and the HAa terminal 41 for 

40 the air conditioner 25. 

In the power demand controlling system con- 
figured in FIG. 5, the power demand controller 11 
constantly monitors the current I of the system 
through the current sensor 13 and sends to the 

45 power cut controller 27 a power cut requesting 
signal so that a power calculated from the current I 
stays below a predetermined contract demand. For 
instance, suppose a rated current l max is 20 A, the 
demand controller 1 1 sends a power cut requesting 

so signal P cut to the power cut controller 27 by means 
of the power line transmission when the current I 
detected exceeds 90% (18 A) of the rated current 

lmax- 

Referring to FIG. 7, an operation of the power 
55 demand controlling system shown in FIG. 5 will be 
described. 

The power cut controller 27, first, monitors the 
HAa terminal for the air conditioner 25, that is, the 
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power cut controller 27 reads information at the 
HAa terminal as to whether "1 n or "0" in order to 
check that the air conditioner 25 is operating or not 
(step 210). If the air conditioner 25 is in OFF state, 
proceed to step 220 so as to make a status of the 
HAp terminal for the power cut controller 27 to be 
OFF and proceed to check through the HAp termi- 
nal whether there is a signal from the telephone 
controller 29 (step 230). If there is no signal from 
the telephone controller 29, return to step 210; if 
there is a signal from the telephone controller 29, 
make the HAp status ON (step 240) and switch on 
the air conditioner 25 (step 250) then to return step 
210. 

In step 210, if the air conditioner 25 is ON, 
make the HAp status ON (step 260). Then de- 
modulate a signal sent from the demand controller 
11 by means of power line transmission so as to 
check whether the signal is a power cut requesting 
signal or not (step 270). If there is no power cut 
requesting signal, proceed to monitor HAa terminal 
whether the air conditioner is ON or not (step 280). 
Then, if the air conditioner is OFF, the power cut 
controller 27 switches on the air conditioner 25 by 
way of HAa terminal (step 290). 

In step 270, when there is the power cut re- 
quest signal, the power cut controller 27 proceed to 
monitor the HAa terminal so as to check whether 
the air conditioner is ON or not (step 300). Then, if 
the air conditioner 25 is ON, the power cut control- 
ler 27 switches off the air conditioner 25 by way of 
the HAa terminal (step 310) and proceeds to step 
320. 

In step 320, the power cut controller 27 moni- 
tors the HAp terminal to check whether there is a 
signal from the telephone controller 29. If there is 
no signal from the telephone controller 29, check to 
see if an OFF switch, provided in the power cut 
controller 27, for switching off the air conditioner 25 
is operating or not (step 330). If the OFF switch is 
not operating, return to step 270; if the OFF switch 
is operating, make the HAp terminal status OFF 
(step 340). Then, the power cut controller 27 moni- 
tors the HAa terminal to see if the air conditioner 
25 is ON or not (step 350). If the air conditioner 25 
is OFF, the power cut controller 27 returns to step 
210; if ON, the power cut controller 27 switches off 
the air conditioner 25 by way of the HAa terminal 
(step 360) and returns to step 210. 

As described above, in the third embodiment, 
when the power cut requesting signal is supplied 
during the operation of the air conditioner 25, the 
air conditioner is switched off. Now, seen from the 
telephone controller 29, the air conditioner seems 
to be still operating. Thus, the air conditioner 25 
can be normally switched off by the telephone 
controller 29 during the power cut. On the other 
hand, the air conditioner 27 cannot be switched off 
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from the air conditioner itself during the power cut. 
that is why in the power cut controller 27 there is 
provided the OFF switch for switching off the air 
conditioner 25. The OFF switch is operative only 

5 when the air conditioner is OFF under the power 
cut, thus even if pressed by mistake for other 
occasions, nothing will happen. It is preferred that 
the OFF switch is of a push type without a lock or 
is a toggle switch of non-locking type. 

io It is appreciated that a status signal of the HAp 

terminal can be connected to an indicator such as 
an LED, so as to indicate on what condition the air 
conditioner 25 is OFF. 

Referring to FIG. 8, there is shown a power 

;5 demand controlling system according to the fourth 
embodiment. 

In the same figure, similar to FIG. 1 and FIG. 3, 
there are provided the main power line 1, the 
circuit breaker 3, the power demand controller 1 1 , 

20 the current sensor, the power save controllers 9, 
and additionally provided is a power save adaptive 
system 33 which sends out a power save valid and 
power save invalid signals. In the conventional sys- 
tem of this sort, only sent back is a power save 

25 start/end signal which indicates that a request is 
made against the power save requesting signal. In 
this case, there is a possibility that a circuit breaker 
3 may be activated without verifying whether a 
power demand control is valid or not. However, in 

30 this embodiment, the power save valid/invalid sig- 
nal in addition to the power save start/end signal is 
sent back to the power save controller 9 when the 
power save adaptive system 33 such as an air 
conditioner or the like receives the power save 

35 requesting signal or stop signal from the power 
save controller 9. 

Referring still to FIG. 8, the power demand 
controller 11 monitors the working power of whole 
system through the current sensor 13 and commu- 

40 nicates with the power save controller 9 by means 
of power line carrier. 

For example, when current I of the whole sys- 
tem detected by the demand controller 11 through 
the current sensor 13 becomes current Isave which 

45 is 80 % of contract current l max . the power demand 
controller 1 1 sends a power save requesting signal 
to the power save adaptive system 33 through the 
power save controller 9. Now, when the current I 
becomes 90 % of the contract current l max , the 

so power demand controller 11 sends a power cut 
requesting signal to the power save adaptive sys- 
tem 33 through the power save controller 11. Ac- 
cordingly, for example, when an operation capacity 
of the air conditioner is at a lowest level and the 

55 power demand control is no longer possible while 
the power save adaptive system 33 is receiving the 
power save requesting signal, the power save 
adaptive system 33 sends the power save invalid 

5 
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signal to the power demand controller 11 through 
the power save controller 9. Then, the power cut 
requesting signal is sent to the air conditioner. 
Namely, the power demand controller 11 operates 
to send the power cut requesting signal to the air 
conditioner (i.e. the power save adaptive system 
33) even under the condition that the current I is 
below a power cut current l cu t and above the power 
save current l^e, thus preventing the circuit break- 
er 3 from being activated. 

Referring to FIG. 9, an operation of the power 
save adaptive system 33 will be described. It is to 
be noted that wording "power demand control" and 
"power save" may be interchangeably used in the 
specification. The power save adaptive system 33 
checks to see if there is a power save (PS) re- 
questing signal from the power demand controller 
11 via the power save controller 9. If there is no 
power save requesting signal, the power demand 
control is terminated (PS END) (step 420). If there 
is a power save requesting signal, the power de- 
mand control starts (PS START) (step 430). There- 
after, a power prior to and a power after the power 
demand control are compared so that the power 
save valid signal is outputted when the power prior 
to the power demand control is greater than the 
power after the power demand control (step 450). 
When the power after the power demand control is 
equal to or greater than the power prior to the 
power demand control, the power save invalid sig- 
nal is outputted (step 460). 

Referring to FIG. 10, there is shown a power 
demand controlling system according to the fifth 
embodiment. 

The fifth embodiment can be considered in a 
way that the third embodiment shown in FIG. 5 and 
the fourth embodiment shown in FIG. 8 are syn- 
thesized together based on the second embodi- 
ment shown in FIG. 3. In the fifth embodiment, 
there are provided the main power line 1, the 
circuit breaker 3, the current sensor 13, the power 
demand controller 11, the indoor unit 15, the out- 
door unit 17, the power save controller 9, the power 
save adaptor 19, the power cut controller 27, the 
telephone controller 29, and a power cut adaptor 
31. The indoor unit 15 having the HA terminal is 
controlled by the telephone controller 29 through 
the power cut adaptor 31. The power save adaptor 
19 is connected to both the indoor unit 15 and the 
outdoor unit 17 and is located between the indoor 
and outdoor units. In response to a power save 
requesting signal from the power demand controller 
11, the power save adaptor 19 can send back a 
power demand receiving signal and a power save 
invalid signal to the power demand controller 11 
through the power save controller 9. 

In the power demand controlling system con- 
figured in the fifth embodiment, the power demand 
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controller 1 1 observes the current flowing through- 
out the whole system. For example, when the cur- 
rent reaches to 80 % of the contract current, the 
power demand controller 11 sends a power save 
5 requesting signal to the power save controller 9 
through which the power adaptor 19 is controlled. 
As a result, the power save adaptor 19 converts 
data C sent from the indoor unit 15 for controlling 
the outdoor unit 17, to data C of, say, a minimum 

10 output to perform the power demand control. 
Namely, suppose P and P* are the powers cor- 
responded to the data C and data C\ respectively, 
(P - P') is an amount which is saved. 

Moreover, when it is no longer possible to 

75 further save power even if the power save adaptor 
19 instructs to save power, a power demand invalid 
signal is sent back to the power demand controller 
11 through the power save controller 9. In this 
case, the power cut adaptor 31 is so controlled that 

20 the air conditioner is switched off through the pow- 
er cut controller 27. It should be appreciated that 
the power demand controller 11 can be so con- 
structed that the air conditioner can be switched off 
directly via the power cut controller 27 and the 

25 power cut adaptor 31 when the current of the whole 
system exceeds, say. 95 % of the contract current. 

In summary, by employing a power demand 
controlling system according to the present inven- 
tion, that a large power is jumped back after the 

30 release of the power demand control is avoided by 
that the power is increased gradually and stepwise 
per a predetermined period of time after the power 
demand control is cancelled, thus achieving a sig- 
nificantly efficient and stable power demand con- 

35 trol. 

Moreover, for a two-stage detection system 
where there are two operational modes of power 
save ON and OFF, the hunting is suppressed to a 
minimum according to the present invention and a 

40 simpler circuit is realized than the conventional 
electric circuit in a multistage detection system 
where there are several different levels between 
ON and OFF. Since in the present invention there 
is provided a control system independently for 

45 each one of plural air conditioners by, for example, 
varying a time constant (random number) thereof at 
the time of power being returned to the original, 
there will no longer be necessitated an extra sys- 
tem found in the conventional practice. Thus, the 

50 power demand controlling system can be produced 
economically. Moreover, for the split type air con- 
ditioner, there is provided signal converting means 
such as the power save adaptor 19 connected 
between the indoor unit and the outdoor unit 

55 through communication lines. When the signal con- 
verting means receives the power save requesting 
signal and a capacity control signal (the signal 
being instructed from the indoor unit toward the 

6 
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outdoor unit), the signal converting means converts 
the capacity control signal to a signal instructing a 
capacity which is less than the capacity instructed 
by the indoor unit so as to be transmitted to the 
outdoor unit. As a result, the power demand control 
system can be easily and economically built into 
an already available air conditioner or the like, and 
can be easily placed in a limited space. 

Moreover, there is provided a power cut con- 
troller 27 having an HA terminal for receiving a 
control signal from an external unit and an HA 
terminal for the air conditioner, where a control 
signal from the external unit is received through the 
HA terminal for the external unit, and the received 
signal as well as a power cut requesting signal can 
be sent to the air conditioner through the air- 
conditioner-use HA terminal of the power cut con- 
troller 27. Thus, it is made possible to operate 
combinedly a normal telephone control unit and a 
power demand controlling system. 

Moreover, by employing the power demand 
controlling system according to the present inven- 
tion, when the power save requesting signal is 
received, the working power prior to the receipt of 
the power save requesting signal is compared to 
the working power after the receipt of the signal so 
as to output a power demand valid/invalid signal, 
thus reafizing a highly reliable power demand con- 
trolling system. 

Besides those already mentioned above, many 
modifications and variations of the above embodi- 
ments may be made without departing from the 
novel and advantageous features of the present 
invention. Accordingly, all such modifications and 
variations are intended to be included within the 
scope of the appended claims. 

Reference signs in the claims are intended for 
better understanding and shall not limit the scope. 

Claims 

1. A power demand control system for saving 
power of output variable apparatus (7) where 
power is supplied through domestic power 
lines (5), comprising: 

power demand controlling means (11) for 
detecting and monitoring constantly an electric 
current flowing through the domestic power 
lines (5); and 

power save controlling means (9), connect- 
ed to the domestic power lines (5) and the 
output variable apparatus (7), for sending a 
power save signal to the apparatus (7), based 
on the current monitored by the power de- 
mand controlling means (11), so that an output 
of the apparatus (7) is reduced to a minimum 
value (e 0 ) and after the power save signal is 
cancelled the output is returned gradually and 



stepwise to an original value (e n ). 

2. The system of claim 1 , wherein there are pro- 
vided a plurality of the output variable appara- 

5 tus (7-1 through 7-n) and a plurality of power 

save controlling means (9-1 through 9-n) cor- 
responding to the apparatus, so that when the 
power save signal is sent simultaneously to the 
apparatus (7-1 through 7-n) a time constant of 

70 each apparatus is made variable so as to shift 

slightly the timing in which the output is re- 
turned to the original value (e n ). 

3. A power demand control system for saving 
?5 power of split-type air conditioning apparatus 

including an indoor unit (15) and an outdoor 
unit (17) where power is supplied through do- 
mestic power lines (5), comprising: 

power demand controlling means (11) for 
20 detecting and monitoring constantly an electric 

current flowing through the domestic power 
lines (5); 

power save controlling means (9), connect- 
ed to the domestic power lines and the output 

25 variable apparatus, for sending a power save 

signal to the apparatus, based on the current 
monitored by the demand controlling means, 
so that an output of the apparatus is reduced 
to a minimum value and after the power save 

30 signal is cancelled the output is returned 

gradually and stepwise to an original value 
(e n );and 

power save adaptor means (19), connect- 
ed to the power save controlling means (9) and 
35 the indoor unit (15) and outdoor unit (17), for 

receiving and sending a power save signal 
from and to the power save controlling means 
(9) and the split-type air conditioning appara- 
tus. 

40 

4. The system of claim 3, wherein there are pro- 
vided a plurality of the split type air condition- 
ing apparatus and a plurality of power save 
controlling means (9) and power save adaptor 

45 means (19) corresponding to the apparatus, so 

that when the power save signal is sent si- 
multaneously to the apparatus a time constant 
of each apparatus is made variable so as to 
shift slightly the timing in which the output is 

so returned to the original value (e n ). 

5. A power demand control system for saving 
power of output variable apparatus (25) having 
a home automation (HA) terminal, by means of 

55 a command from a telephone unit, where pow- 

er is supplied through domestic power lines 
(5), comprising: 

power demand controlling means (11) for 
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detecting and monitoring constantly an electric 
current flowing through the domestic power 
lines (5); 

power cut controlling means (27), having a 
HA terminal, which is connected to the domes- 5 
tic power line (5) and the output variable ap- 
paratus (25) so that a power save requesting 
signal from the power demand controlling 
means (11) is received; and 

telephone controlling means (29), having a w 
HA terminal, connected to the HA terminal of 
the power cut controlling means (27) for 
switching on and off the output variable ap- 
paratus (25) based on the command from the 
telephone unit. 75 

6. The system of claim 5, wherein the power cut 
controlling means (27) comprises: 

means (31) for demodulating a power line 
carrier wave signal; 20 

means (33) for receiving the demodulated 
power line carrier wave signal and extracting a 
power cut signal therefrom; 

computing means for receiving an extract- 
ed power cut signal, connected to the HA 25 
terminal for the telephone controlling means 
(39) and the HA terminal for the apparatus 
(41); arfd 

switch means (37) for stopping the appara- 
tus. 30 

7. A power demand control system for saving 
power of split-type air conditioning apparatus 
including an indoor unit (15) and an outdoor 

unit (17) further having a home automation 35 
(HA) terminal, by means of a command from a 
telephone unit, where power is supplied 
through domestic power lines (5), comprising: 

power demand controlling means (11) for 
detecting and monitoring constantly an electric 40 
current flowing through the domestic power 
lines; 

power cut controlling means (27), having 
an HA terminal, connected to the domestic 
power line (5) and the apparatus; 45 

telephone controlling means (29), having 
an HA terminal of the power, connected to the 
HA terminal of the power cut controlling means 
(27); 

power cut adaptor means (31) connected so 
to the telephone controlling means (29) and 
the power cut controlling means (27) by which 
the apparatus is properly controlled when a 
power demand control is no longer possible 
under an instruction to still save power; 55 

power save controlling means (9), connect- 
ed to the domestic power lines (5) and the 
output variable apparatus, for sending a power 



save signal to the apparatus, based on the 
current monitored by the power demand con- 
trolling means (11), so that an output of the 
apparatus is reduced to a minimum value and 
after the power save signal is cancelled the 
output is returned to an original value; and 

power save adaptor means (19), connect- 
ed to the power save controlling means (9) and 
the indoor unit (15) and outdoor unit (17), for 
receiving and sending a power save signal 
from and to the power save controlling means 
(9) and the split-type air conditioning appara- 
tus. 

8. The system of claim 7, wherein the power 
save controlling means (9) is such that after 
the power save signal is cancelled the output 
is returned gradually and stepwise to an origi- 
nal value thereof. 

9. A method for saving power of output variable 
apparatus where power is supplied through 
domestic power lines (5), comprising the steps 
of: 

detecting and monitoring an electric cur- 
rent flowing through the domestic power lines 
(5); 

sending a power save signal to the output 
variable apparatus; 

reducing an output of the apparatus to a 
minimum value (eo); and 

returning the output of the apparatus 
gradually and stepwise to an original value 
(e n ), when the power save signal is cancelled. 

10. A method for saving power of a split-type air 
conditioning apparatus including an indoor unit 
(15) and an outdoor unit (17) where a power is 
supplied through domestic power lines (5), 
comprising the steps of: 

receiving indoor unit data (1 10); 

receiving outdoor unit data (120); 

transmitting the indoor unit data to the 
outdoor unit when there is no power save 
signal; 

converting the indoor unit data to a pre- 
determined power demand level and transmit- 
ting converted data to the outdoor unit when 
there is a power save signal (150); and 

transmit data received from the outdoor 
unit (17) to the indoor unit (15) (160). 

11. A method for saving power of output variable 
apparatus (25) having a home automation (HA) 
terminal, by means of a command from a 
telephone unit, where power is supplied 
through domestic power lines (5) and power 
cut controlling means (27) for cutting off power 
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to the apparatus and power demand controlling 
means (11) for detecting a current flowing 
through the domestic power lines (5) are pro- 
vided, comprising the steps of: 

5 

(a) checking through an HA terminal of the 
apparatus whether the apparatus is operat- 
ing or not (step 210); 

(b) letting a status of an HA terminal for the 
power cut controlling means (27) be OFF if w 
the apparatus is not operating in step (a) 
(step 220); 

(c) checking whether there is a signal from 
telephone controlling means (29) connected 

to the telephone unit (step 230); rs 

(d) returning to step (a) if there is no signal 
from the telephone controlling means (29) in 
step (c); 

(e) letting a status of HA terminal of the 
power cut controlling means (27) connected 20 
to the telephone controlling means (29) be 

ON if there is a signal from the the tele- 
phone controlling means (27) in step (c) 
(step 240), switching on the apparatus (step 
250) and then returning to step (a); 25 

(f) letting the state of the HA terminal of the 
power cut controlling means (27) be ON if 
the apparatus is operating in step (a) (step 
260); 

(g) demodulating a signal sent from the 30 
demand controlling means (11) in order to 
check whether the signal is a power cut 
signal or not (step 270); 

(h) monitoring an HA terminal .of the power 

cut controlling means (27) connected to the 35 
apparatus to check whether the apparatus is 
ON or not (step 280) if there is no power 
cut signal in step (g) (step 280); 

(i) switching on the apparatus if the appara- 
tus is OFF in step (h) (step 290); 40 
(j) monitoring the HA terminal of the power 

cut controlling means (27) connected to the 
telephone controlling means (29) to check 
whether the apparatus is ON or not if there 
is the power cut signal in step (g) (step 45 
300); 

(k) switching off the apparatus and proceed- 
ing to step (I) if the apparatus is ON in step 

(J); 

(I) monitoring the HA terminal of the power 50 
cut controlling means (27) connected to the 
telephone controlling means (29) to check 
whether there is a signal from the telephone 
controlling means (29); 

(m) checking whether an OFF switch, pro- 55 
vided in the power cut controlling means 
(27), for switching off the apparatus is op- 
erating or not if there is no signal from the 



telephone controlling means (29) in step (1) 
(step 330); 

(n) returning to step (g) if the OFF switch is 
not operating in step (m); 

(0) letting the status of the HA terminal of 
the power cut controlling means (27) con- 
nected to the telephone controlling means 
(29) be OFF if the OFF switch is operating 
in step (m) (step 340); 

(p) monitoring the HA terminal of the power 
cut controlling means (27) connected to the 
telephone controlling means (29) to check 
whether the apparatus (25) is ON or not 
(step 350); 

(q) returning to step (a) if the apparatus is 
OFF in step (p); and 

(r) switching off the apparatus (step 360) 
and returning to step (a) if the apparatus is 
ON in step (p). 

12. A method for saving power of a power demand 
adaptive apparatus (33) where power is sup- 
plied through domestic power lines (5), com- 
prising the steps of: 

(1) observing at the apparatus (33) whether 
there is a power save signal from power 
demand controlling means (11) through 
power save controlling means (9) (step 
410); 

(ii) terminating a power demand control to 
the apparatus (33) when there is no power 
demand signal in step (i) (step 430); 

(iii) start the power save control when there 
is the power save signal in step (i) (step 
430); 

(iv) comparing a power prior to the power 
demand control with a power after the pow- 
er demand control; 

(v) outputting a power save valid signal from 
the apparatus (33) to the power save con- 
trolling means (9) when the power prior to 
the power demand control is greater than 
the power after the power demand control 
(step 450); and 

(vi) outputting a power save invalid signal 
when the power prior to the control is equal 
to or greater than the power after the control 
(step 460). 



9 



BNSOOC1D: <£P_0636631A1J_> 



EP 0 535 631 A1 



FIG.l 



AIR 

CONDITIONER K-7" 1 



POWER SAVE 
CONTROLLER 



rv 



9-1 



POWER SAVE 
CONTROLLER 




^7-2 



N SETS OF CONTROLLERS 
& AIR CONS 



POWER SAVE 
CONTROLLER 




^7-n 



DOMESTIC POWER LINE 5 




POWER DEMAND 
CONTROLLER J> 



11 



CIRCUIT 
BREAKER 



-CURRENT SENSOR 13 



MAIN POWER SUPPLY LINE 1 



BNSDOCtO: <EP_0636631A1J^> 



10 



• 



EP 0 535 631 A1 



2 



L 



d 



n r 

i — ?^ 



o 

-4— > 

CM 



C3 

o 



< 

O 
CO 

°< 

WO 



CSJ 



o 

-t 



> 
< 

CO f— i 



d 
H 

o 

Ph 

Oh « C/D (J 



0"5 CM •— < O 

OJ 0) <L> 0) 
W 

-J 
< 
> 

55 



BNSOOCIO. <EP 063SS31A1J_> 



11 



EP 0 535 631 A1 



O 
O 



CSJ 



I 

i 



t 

uu 



CO 
CSJ 



CO 
CSJ 



rH 



> 

OQ 

< 



LO 

T— ( 



O 

OH 

^§ 
»— i >— > 



CO 

d 

I— I 

fa 



CO 



Q 

o w 



> w 
oo 




BNSOOaD: <EP_063S«31A1J_j. 



12 



EP 0 535 631 A1 



FIG.4 



( START j 



RECEIPT OF INDOOR UNIT DATA C fvllO 



i 



RECEIPT OF OUTDOOR UNIT DATA r|v120 




TRANSMIT C 

TO OUTDOOR UNIT 



TRANSMIT R 
TO INDOOR UNIT 



TRANSMIT C 

TO OUTDOOR UNIT 



160 



BNSOOCID: <EP_063Sfl31A1J_> 



13 



EP 0 535 631 A1 



CO 



d 




BNSOOCIDt <£P_0636631A1J_> 



14 



* 



EP 0 535 631 A1 



FIG.6 



POWER LINE CARRIER WAVE 
SIGNAL DEMODULATION MEANS 






POWER CUT 
EXTRACTING 


SIGNAL 
MEANS 



31 



35 



MICROCOMPUTER 



39 



1 



HA TERMINAL 
FOR TELEPHONE 
CONTROLLER 



33 



37 



AIR CONDITIONER 
OFF SWITCH 



41 



HA TERMINAL 
FOR AIR 
CONDITIONER 



(HAp) 



(HAa) 



BNSDOC1D: <£P_0635631A1J_> 



15 



EP 0 535 631 A1 




STATUS = OFF N 220 



r 260 

STATUS = ON | 




JYES 
STATUS = ON | 



AIR 

CONDITIONER 
ON 





NO nnn 

^290 


AIR 




CONDITIONER 


ON 





CONDITIONER 

/-31Q 



AIR 

CONDITIONER 
OFF 



FIG.7 




BNSDOCID: <EP_063563 1 A1 J_> 



16 



EP 0 535 631 A1 



FIG.8 



r33 



POWER SAVE 
REQUESTED 



POWER SAVE 
STRAT/END 



r9 



29 



POWER SAVE 
VALID ^INVALID 



STOP REQUESTED 



28K 5 



3sg 

28£ 



DOMESTIC 
POWER LINE 5 



11 



CURRENT 
SENSOR 13 




MAIN POWER 
LINE 1 



FIG.9 



Q START ^ 




NO 



PS VALID 



420 



PS END 



r460 



PS INVALID 



BNSOOCID: «£P__0636831A1_I_?. 



17 



EP 0 535 631 A1 



O 
O 




BNSOOCID: <£P 063S631A1 J^> 



18 



EP 0 535 631 A1 



O 
i — i 



o 

t—i 

CO 

°< 

W CO 

wo 

«0H 



CO 



csi 



o 



-. ° ... t 



C3 
0> 



> 
< 

CO f- 
Oh 0^ CO 



e 

H 

o 
< 



CO 



CM r-H 

0> O) 



o 

< 
> 



BNSOOCID: <EP_063S631A1J W > 



19 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 92116727.6 



Category 



Citation of document with indication, where appropriate, 
of relevant passages . 



EP - A - 0 431 563 
(KABUSHIKI KAISHA TOSHIBA) 

* Page 3; column 3, line 31 - 
column 4, line 25; 

claims 1,10 * 

GB - A - 2 071 438 
(CENTRO RICERCHE FIAT) 

* Page 1, left-hand column, 
lines 20-62; claims 1,2,3 * 



US - A - 4 888 495 
(FERON et al- ) 

* Column 2, lines 39-56; 
claim 1 * 



Relevant 

to r " 



CLASSIFICATION OF THE 
APPLICATION (lot- CIS) 



1,3 



H 02 J 3/14 
H 02 J 13/00 
G 05 F 1/66 



1,3,9 



1,6 



TECHNICAL FIELDS 
SEARCHED Ont. CL5) 



H 02 J 
G 05 F 
G 05 D 



The present search report has been drawn up for all claims 



PI see of tearch 

VIENNA 



Date of completion of the warcta 

13-01-1993 



MEHLMAUER 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : Don-written disclosure 
P : Intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



iTmemb^r of the same patent family, corresponding 



BNSDOCID: <£P_0636e31A1J^» 



